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HUMAN FACTORS INSTRUCTIONAL MATERIALS

General Introduction

Those individuals who are assigned the management responsi-
bilities for the procurement of major systems by one or another
of the military services confront a challenge that grows more
complicated every day that passes. For exampie, the structure
of priorities has become a source of confusion. Is the primary
goal still the achievement of superior weapon lethality by the
application of advanced technology or should a potential
technological edge be sacrificed to achieve a higher level of
durability? Is this presumptive trade-off really a valid
one--is durability negatively correlated with technolcgical
sophistication? Likewise, what emphasis should be given to cost
control--both with respect to the level of investment in the R&D
process and with respect to unit procurement costs and ownership
costs? Can marginally higher front-end investments be shown to
produce significant economic returns at the production or

deployment stages?

These are just a few instance of the basic conceptual
problems that now face the managers of major engineering programs.
At a more detailed level, the engineering manager is also now
required to cope with a broad array of highly specialized support
services as integral aspects of the design team concept. The
primary example of what is happening is represented by the
inclusion of logistics analysis as part of the overall engineering
design process. Logistics support encompasses most of the so-
called "ilities"--maintainability, reliability, producibility, etc.
While the insertion of these supporting specialities into the
system development process is intended to help the engineering
manager produce a better system, they also constitute a source

of distraction=--particularly insofar as they involve concepts,
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methods, terminologies, and value criteria that fall outside the
conventional areas of engineering experience. It is true that
the concerns upon which these support services are focused are
not in themselves new concerns--they have always been a part of
good engineering practices--but in recent times they have become
more insular and thus more difficult to integrate into a unified,

coherent program effort.

Even more distinctive in the present array of specialized
support services is human factors engineering (HFE). The
historical pattern of the relationship between military systems
engineering and HFE provides a useful perspective on the problem.
For all practical purposes, HFE emerged as a support speciality
during World War II. 1In that context, it was manifest that
individuals with extensive training in the bio-psychological
disciplines could help materially in resolving engineering
problems in such matters as operability, habitability, and
maintainability.

In the immediate post-war era, "human factors" came to be
regarded as an entirely legitimate component of the systems
engineering discipline. 1Indeed, the scope of responsibility
assigned to the human factors specialist often included all
aspects of manning for the system being developed. The domain
then included planning responsibility for recruitment, selection,
training, staffing, and the design of the critical human-machine
component interfaces.

For reasons that are not entirely clear, this apparently

constructive relationship between HFE and systems engineering
went into a decline in the 1960s and 1970s. It has only been
in the past three to four years that a concerted attempt to
repair the relationship has been mounted.




If the reasons for the decline are obscure, the reasons for
undertaking a repair effort are not. First, the human resource
pool available to the military services is shrinking. There are
simply fewer people of recruitable age. Second, those who are
recruited are likely to have somewhat lower academic aptitude
scores than their predecessors. Third, retention of experienced
technicians has not been high. Fourth, equipment now being
deployed incorporates very sophisticated technology. Such
equipment is sometimes more difficult to operate and it is

frequently more difficult to maintain.

In short, a form of mismatch between available human
capabilities and the demands placed on such capabilities by
modern military systems has been happening. This is the kind
of problem that has been--historically--the focal point of human
factors engineering. Therefore it seems logical to attempt tc
repair and revitalize the role of human factors engineering in
the military systems development process.

The present project-=-of which this document is only a
part--was one component of a broader effort of repair initiation.
Specifically, at its inception, the gcal was to find out if there
were good ways by which engineering managers could forecast the
payoffs from the inclusion of HFE in the development process.

It was hypothesized that if engineering managers could be given
such a tool, they would use it and come to feel more confident
about the investment of some of their budgetary resources in HFE
support activities for their programs. If possible, they were to
be provided with a methodology that would permit them to compute
something like an expected return-on-investment.
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As might be guessed, such an ideal forecasting tool was
not entirely feasible. However, it was possible to demonstrate
that the use of variants of the formal methodology called impact
assessment--even some rather crude variants--were both feasible
and useful. The basic methodology of impact assessment is
described in the project report listed in the Preface. Included
in that list is a program manager's guide that incorporates the
main thrust of the project reports concisely and in a format that
is more appropriat~ for the engineering manager who is not also
a human factors specialist.

The present document takes this venture one step further.
The objective is to help the engineering manager become an
enlightened consumer. To achieve this objective, we have
prepared a set of materials around which a course of instruction
can be built. In other words, what is presented here is an
annotated syllabus for a course of instruction that might be
entitled--"Human Factors Engineering for the Engineering Manager"
or "How to Get the Most Out of Your Investment of Program Funds
in Human Factors Work." Because it is a syllabus, in efféct an
instructor's planning aid, the remainder of this document will
be addressed to those who have been assigned to carry out the

instructor's functions.




HUMAN FACTORS INSTRUCTIONAL MATERIALS

Note to the Instructor

As suggested in the General Introduction, the thrust of the
program of instruction is toward improving the ability of
engineering managers to utilize HFE support services most

. effectively. It is intended that the syllabus and annotations
that make up the main contents of the present document can be
used for two purposes: as a planning base for a short course
that can stand alone or for a segment or module of a more
extensive, more comprehensive course in a program management

for system developers.

Emphasis is given to the notion of a planning base. It is
not intended that the syllabus and its associated materials
become an iron-clad directive on how to teach engineering
managers about HFE. There are simply too many variations in
instructional setting, composition of the student body, and
detailed instructional objectives for any single course configu-
ration to fit all combinations of circumstances. What is provided
is an overall organization of subject matter, some key points
concerning the relationship of HFE to the military system
development process, and some detailed instructional aids in the

form of checklists, discussion prompts, class exercise scripts,
and suggested sources of supplementary information. 1In a sense,
this is a tool kit and it is the instructor's responsibility to
choose the right tools for the particular situation and, if

. necessary, to add materials from other sources.

The purpose is not to transform systems engineers or
. engineering managers into do-it-yourself human factors
1] specialists. Educational practice and experience indicates




that the training of even a journeyman human factors specialist
is at least a three-year effort. Rather than turning out
novice practitioners, the end product should be a sympathetic
and informed consumer of human factors services, someone who
understands the reasons why the specialty exists, what
contributions it can provide to military systems development

work, and what its limitations are as well.

The structure of the syllabus is in two parts. The first
and main part is composed of three instructional units that
relate in succession to the three basic questions: why, what,
and how. Each of these units is composed of a series of visual
presentations set up for use in an overhead projector or similar
device. Each "visual" is accompanied by script-like suggestions
for the instructor's oral presentation. These materials can be
rearranged or augmented by the instructor to fit the particular
situation. The three "modules" are entitled:

l. Enhancing System Cost~Effectiveness with Human Factors
Contributions

2. Building the Human Factors Knowledge Base and Appli-
cations Procedures

3. Human Factors in the Acquisition Cycle.

The second part is simply a description of a set of
student exercises. The intent is to provide a basis for student
participation in an active mode that is relevant in the sense
of being reasonably realistic and is also commensurate with the
student's level of knowledge and experience., Again, the frame-
work is set up so that the instructor can modify or augment
the materials based on the circumstances and the available

resources.




MODULE 1

ENHANCING SYSTEM COST-EFFECTIVENESS
WITH HUMAN FACTORS CONTRIBUTIONS

Note to the Instructor

One of the catch phrases in current use is "forward
thinking." It has a positive connotation, but it simply means
keeping aware of the future consequences of decisions made in
the present. In a real sense, HFE is a concentrated instance
of forward thinking. The human factors specialist is (cr should
be) preoccupied by the question: Given a military mission and
one or more conceptual configurations of systems that might carry
out that mission, what decisions must be made now that will help
ensure that the human complement of the system--operators and
maintainers--will be able to fulfill their roles in meeting

mission objectives?

As a practical matter, the mode of thinking on the part of
the human factors specialist is often defensive in the sense of
preventing mistakes in the form of design deficiencies. The
categories of possible design deficiencies are legion. Systems
have been designed that would need two operators to carry out
some segment of the mission when provision is made for only a
single operator position. Systems have been designed that
require operators to have memorized page after page of arbitrary
codes that they must use to control computer functions while
under battle stresses. Systems have been designed that require
the operator to make himself extremely vulnerable to enemy
counterfire, Systems have been designed so that access to
components that require frequent replacement is so obstructed
that the whole device must be dismantled for minor repairs to

be accomplished. Systems have been designed so that the




physiological well~being of the operators is sacrificed in order
to protect some fragile equipment components. (Specifically,
for example, the B~58 Hustler bomber was designed so that if the

main air cooling subsystem failed, the back-up subsystem was
1 used to cool the elaborate avionics while the cramped cockpits
were allowed to heat up to the boundary levels of human

physiological tolerance).

While it is possible and desirable for the human factors

specialist to relate to other members of the system design team
in a positive, constructive manner--saying, in effect, what is
good design practice from a human factors point-of-view-~it is
inevitable that some of the contributions from the human factors |
source will be in the form of prohibitions. 1In other words, it
is often the responsibility of the human factors specialist to
tell other members of the design team what they cannot or should

not do. Thus some designer's carefully contrived solution to

a difficult problem~-a solution that might involve the inventive
f'% use of some esoteric engineering knowledge--might be greeted by

7 the human factors specialist in a negative way. The engineering
solution might be excellent but it could have an unanticipated

negative consequence for the human operator or maintainer.

Put bluntly, a portion of the human factors specialist's

; role in the design team is to act as a critic or censor of

certain design proposals. If this role appears to be carried

out in an arbitrary manner, powerful incentives will be generated

to exclude or constrain the human factors inputs. While some

diplomacy and common courtesy can ameliorate the potential for

conflict to some degree, the more substantial basis for

amelioration is an appreciation on the part of the other members

of the design team of the reasons why the critic role must be

undertaken and what the composition of the knowledge base for the ?
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position taken by the human factors specialist is. Similarly,
tie other members of the design team need to be convinced that
it is better for the issues to surface and be resolved early in
tae development sequence rather than coming out at a DSARC

hzaring, or, worse, becoming the cause of a costly retrofic

effort.

One of the related points that must be emphasized is that

B

systems can begin to drift toward configurations that are
mismatched to their human complements very early in the design
process. During the mission definition and conceptual phases

there is a perfectly natural tendency on the part of the design
team to focus intensively on the threat factor or the technological
opportunity that provided the instigatior for the design and

development sequence to begin. Consideration of the human

operator o1 maintainer tends to be regarded as marginally )
relevant in such situations. If considered at all, the human

operator is conceived as a fixed parameter. Then configuration

decisions are made which slowly but surely become irrevocable.
Ultimately, the natural inertia of the system development
process leads to the actual fabrication of one or more copies of
a system that is not as operable or maintainable as it should
be. Such a process of design drift can readily be seen in

the development of several recent combat aircraft (e.g., the
Harrier I1) where reduced cockpit space gradually became a
problem because of successive additions of equipment items.

These are some of the reasons why the human factors
gspecialist should be included in the earliest stages of the
system development process. If he is not included, he will
have to confront extremely difficult design problems in the
late stages of the development sequence that could have been

L7 -]
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avoided altogether if given earlier attention. The old saying
about an ounce of prevention being worth a pound of cure is
quite appropriate to the consideration of when and how human
factors should be incorporated in the system design process.

The unit that follows is intended to convey these points
and others. However, the first subunit has an administrative
purpose in the sense that it describes the course structure.
The rest of the unit then addresses the question: Why do we
need human factors in the military system development process?

SRS
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MODULE 2

BUILDING THE HUMAN FACTORS KNOWLEDGE BASE
AND APPLICATIONS PROCEDURES

Note to the Instructor

The purpose of this module is to provide students with a
deeper understanding of the concepts and methods used in human
factors work. The central idea on the conceptual level is the
human as an integral part of all systems--including so-called
unmanned systems. At the methodological level, there is a
sequence of ideas presented. The flow is from research through

analysis to applications: the same sequence that was introduced

in the preceding module.
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EXAMPLE:
PERSONNEL REQUIREMENTS DOCUMENTATION

PERSONNEL REOUIREMENTS INFORMATION

JOB CATEGORY: DuTtY:
OPERATION: TASK:
DATE:

TASK ANALYSIS INFORMATION

TASK PERFORMANCE FREQUENCY: PERFORMANCE TIME:

TASK REQUIREMENTS:
PERCEPTUAL LEVEL:

DECISION LEVEL.:

STRESS CONDITIONS:

MOTOR SKILLS:

PHYSICAL REQUIREMENTS:

HEIGHT: STRENGTH: ____ WEIGHT:__ OTHER:

RECOMMENDED CHANGES IN TASK STRUCTURE AND HUMAN REQUIREMENTS:

PERSONNEL USED IN TASK VERIFICATION:

COMPANY PROCEDURES KNOWLEDGE TASK REQUIREMENTS:

RECOMMENDED PERSONNEL SELECTION REQUIREMENTS:

GENERAL APTITUDES:

GENERAL TRAINING/EDUCATION:

RECOMMENDED PRE-SELECTION TESTING:
PERFORMANCE:

INTELLIGENCE:

INTERESTS:

PERSONALITY:

SPECIAL:

SCOREABLE CHECKLIST PERFORMANCE:

IN-PLANT TRAINING RECOMMENDATIONS:
REQUIKES NO TRAINING:

REQUIRES FAMILIARIZATION:

REQUIRES SPECIAL TRAINING:

ACTION TAKEN BY PERSONNEL DEPARTMENT:

DATE REPORT FORWARDED: DATE REPORT RETURNED:
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MODULE 3
HUMAN FACTORS IN THE ACQUISITION CYCLE

Notes to the Instructor

The acquisition cycle embodies a logic intended to assure

that the development of a military systein will involve thorough
preliminary analysis, systematic planning, and built-in checks
and balances. The human factors engineering effort is part of
this process, and systems engineers and project managers should
be aware of the interrelationship between human factors and the
cycle. The major goal of this module is to produce such an
understanding in order that the importance of good human factors

management will be fully appreciated.
Objectives

Students should have an increased awareness of:

e The formal basis for human factors engineering in

systems development.

® The importance of a well-run and concerted human factors
effort.

e The eventual payoff of a good human factors effort.
Major Points

® There is a well-documented, official basis for human

factors in systems acquisition.

® Good management of the human factors process is of
great importance, and poor management can lead to

failure.
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e Human factors has a tangible payoff in terms of cost-
benefits.

The present and final module (3) is completed by reasserting the
human factors specialist's role as a representative of the user
(operator/maintainer) and summarizing the HFE specialist's

qualifications for fulfilling that role.
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AN EXAMPLE

OF HUMAN ENGINEERING REQUIREMENTS IN A SOW

DATA ITEM DESCRIPTION

2.

IDENTIFICATION NO(S).

AGENCY NUMBER

1. TITLE

DOD DI.H-7056

3. DESCRIPTION/PURPOSE

This document provides a sousce of data 1o evaluate the extent to which
equipment having an interface with operators meets human performance
requirements and human engineering criteria.

APPROVAL DATE
1 June 1979

OFFICE OF PRIMARY
RESPONSIBILITY

ARMY/MIRADCOM

7. APPLICATION/INTERRELATIONSHIP

This DID replaces DI-H-2107, DI-H-3261A, DI-H-4605, UDI-H-21272
and UDI-H-21385.

This DID is primarily applicable to work tasks delinsated in para-
graphi(s) 3.2.1.2,3.2.1.3,3.2.1.4, and 3.2.2 of MIL-H-468558.

DOC REQUIRED

APPROVAL LIMITATION

REFERENCES (MANDATORY

AS CITED BLOCK 10}

MIL-H-468558
MIL-STD-1472

MCSL NUMBER(S)

10. PREPARATION INSTRUCTIONS

10.1 General. The Human Engineering Design Approach Document — Operator HEDAD-O® shall be pre-
pared which describes the layout, detail design and arrangement of crew station equipment having an operator
interface; it shall also describe operator tasks associated with the equipment. The HEDAD-O shail describe the
axtent t0 which the human performance requirements, MIL-STD-1472 and other applicable human engineering
documents specified in tha contract have been incorporsted into the layout, design and arrangment of equip-
ment having an operator interface. Operator task analysis results shall be presented as part of the rationale

supporting the layout, design and integration of crew station equipment.

10.2 Content Requirements. HEDAD-O shall consist of the following crew station and operator-related

information:

1) List ot sach item of equipment having an op#iator interface and a briaf statement of the purpose of

each item of equipment. Separate lists shall be provided for each operator’s station.

DD, Sores 1664

PAGE lOF _S_PAGES
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Suggestions for Instructor's Closing
Comments for Module #3

This module has portrayed the military systems development
cycle and the formal/informal documents, management issues, and
potential payoff related to the human factors effort throughout
the different cycle phases. The existing guidelines and
directives provide a solid basis for human factors in develop-
ment, but proper management is a crucial ingredient in
implementing such participation. System developers can
contribute to and benefit frecin human factors by (1) addressing
predevelopment human performance questions realistically,

(2) developing an in-house human factors group (at the least, a
close liaison with a laboratory or consultant), and (3) ensuring ;
this group an effective role in the development process and 1
helping to define that role carefully. Finally, the potential

payoff of this kind of effort is discussed within a cost-

benefits framework. This methodology is useful in demonstrating

past human factors contributions and should ke valuable in the

decisionmaking process, itself.
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SUGGESTIONS FOR A COMBINATION
LECTURE/WORKSHOP

Introduction

Combining a lecture with a workshop offers the advantage
of both the presentation of new material and active problem-
solving by students. The approach also utilizes the expertise
of students and, if conducted properly, provides performance
feedback and the realistic resolution of whatever problems
are addressed. Such an approach also would be likely to appeal
to a student population geared to active, hands-on work. Of
course, a major constraint on the use of a workshop is the

question of sufficient time.

Assuming that the students are fairly naive about human
factors and the role of this discipline in systems acquisition,
they should attain the following from the lecture/workshop:

® The ability to ask the right human factors questions
at the appropriate time.

® An understanding of the applicability of human factors
analyses to such questions.

® An increased knowledge of how to evaluate the human
performance characteristics of a system.

® An increased ability to interpret human factors
requirements in design terms.

® An understanding of manpower, personnel, and training
tradeoffs.

® An understanding of the consequences of failure to
incorporate human factors in system design.
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Lecture

The lecture portibn would be extracted from the modules and
tailored to the backgrounds and needs of the particular target
audience. Included among the material presented should be the

following:

® The traditional human factors problems in military

systems.
® The more recent problems which have evolved.

e The differences and similarities among systems regarding

operations and maintenance human factors probiems.

® What human factors guidelines and requirements mean in
terms of system design.

® The logic of human factors in the development ~ycle.

® The testing and evaluation of human factors during
development.

Workshop

(One to two hours per exercise.) The best approach would
be to confront the students with realistic problems which mesh
closely with those that systems program staffs actually
encounter. Such problems must be realistic, but at the same
time they should be sufficiently limited in scope that students
can deal with them in a short timespan. The basic approach
recommended is that of breaking the class up into teams and
having them solve human factors-related problems in military
systems. The steps are as follows:
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Selection of Teams--This should be done in such a way

as to maximize the backgrounds/expertise of participants

and make the process manageable. The manner in which

this is done will depend in large part upon the nature
of the problem(s) dealt with.

Assignment of Problem(s)--A large number of options

exist; a few possible types of problems, as well as

the manner of their assignment, are shown below.

Optional Types of Problems:

(a)

(b)

Teams are presented with a statement of work (SOW)
and human factors requirements. The task is to
¢o prelimirary design of a system or subsystem,
cepending upon the acquisition phase and system
chosen. For example, in a recent workshop
sponsored by the public utilities, engineering
managers were set the task of laying out the
control room of a nuclear power plant. The
function and quantity of displays and controls
were a fixed input to the exercise. After a team
effort of several hours, each team's product was
cdisplayed and criticized by other teams.

Teams are given the basic design of a subsvstem
and a set of revised requirerents. The task is to
decide whether changes are viable, and if so, how
those changes are to be made. For example, an
interesting case might be the redesign of the
crewstation layout for a non-U.S. armored vehicle.
There has been much discussion recently of the
relative advantages of design simplicity that are
allegedly present in systems deployed by potential
enemies. Using such materials as sketch layouts
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(d)

(e)

of the commander's station in a Soviet T-48 tank
with instructions to improve the design to enha-ice
operator performance would enliven the exercise

by confronting the team members with the opportunity
to challenge a whole alternative design philosophy

as compared to just specific details of design.

Teams are given a synoptic field report that
summarizes user complaints about a particular
system (e.g., an attack helicopter). The task is
to prepare a task order for the human factors
workers (either in-house or contractor) in such a
way that the deficiencies will be corrected
without instigating other new problems such as

escalation of operating costs.

The teams are each given three resumes that
represent applicants for the position of the head
human factors person on the PM's staff. The
project is the development of a major ballistic
missile system so the total in-house HFE team
might number as many as 16 professional-level
personnel. The task is to evaluate the candidates

and select one for the position.

The team is given the MENS for a major airborne

ECM system. The task is to develop an HFE staffing
plan for the two-year period set aside for the
preparation of the DCP. The instructor should
encourage discussion among team members of the
option of in-house vs. contractor staffing of the

positions needed.
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(f) The team is given a synoptic system description
and SOW that is to be a part of a substantial RFP
(e.g., a three-men submarine for use by UDTs).
The task is to decide how many rating points
(i.e., out of 100) to assign to the HFE component

for proposal evaluation purposes.

R R

Ways of Assigning Teams:

(a) All tealms get the same system and human factors
problem; their different approaches to solving

the problem will be of major interest.

(b) Different teams are assigned both different systems
and different types of human factors problems.
The purpose will be that of comparing the problems

and their solutions across different systems.

(c) ©Some teams are asked to solve problems, while
others are asked to evaluate the solutions from

both an engineering and human factors point of
view.

3. Discussion of Solution(s)--Depending upon the nature
of the problem and the manner of team assignments, a
period of time will be devoted to discussion of the
manner in which problems were solved. To the extent
possible, all relevant questions of tradeoffs, capability,

reliability, life-cycle costs, etc. will be dealt with.

Materials

v 9 . Qg . q
Since the workshop exercises will involve the use of design

specifications and human factors requirewents, proper documen-

‘ tation will have to be constructed in a handout form--for example,

an actual or simulated SOW. In addition, exercise summary forms
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should be given students. Finally, since problem-solving will
entail the making of at least rudimentary designs, such materials

as drafting pens/pencils, triangles, compasses, templates,

T-squares, rules, and drafting boards probably should be provided.

These would not only be functional, but they would add to the

authenticity of the exercises as well.

Special Considerations

Obviously, the characteristics of the audience will play a
significant role in the way in which the workshop approach will

be conducted. Subject to modification when more is known about

the target audience, the following considerations seem reasonable:

® Diversity of student experience should be utilized to

the extent possible.

® The problems should be highly realistic; otherwise,
they will be rejected.

e Human factors inputs should be as concrete as possible.

® The detail in students' sketches should be restricted

to a practical level.
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